The risks of open surgical repair can be prohibitively increased in patients with a hostile chest. Resternotomy can be particularly hazardous in patients with abnormal chest wall anatomy as a consequence of severe kyphoscoliosis, as a complication from previous operations, or secondary to extensive radiotherapy. 3 Radiation-induced heart disease increases perioperative morbidity and decreases both short-and long-term survivals. 4 The patient in this case study had previously undergone sternal resection and reconstruction with an omental flap and titanium rib implants, followed by external beam radiotherapy.
We report the use of a ''reverse'' extra-anatomic debranching procedure to provide a suitable landing zone for thoracic endovascular aortic repair with a homemade single proximal fenestration for the left subclavian artery (LSA) in a patient with aneurysmal degeneration of a dissection of the ascending and arch of the aorta.
CLINICAL SUMMARY
Our Institutional Ethical Committee approved the approach described here. The patient was a 78-year-old man who was admitted with chest pain and a history of primary osteosarcoma of the sternum 2 years previously, which had been treated with sternal resection and reconstruction with omental flap and titanium rib implants followed by external beam radiotherapy (60 Gy). The patient's osteosarcoma was in remission.
Computed tomography (CT) demonstrated a large dissecting aneurysm of the ascending and arch of the aorta. In the routine oncologic follow-up CT scan 4 months previously, the ascending aorta had appeared normal. The aneurysm measured 9.7 cm in anteroposterior diameter (Figures 1 and 2 ). Cardiorespiratory evaluation identified mild aortic regurgitation and radiation cardiomyopathy.
The aneurysm started 6 mm distally from the ostia of the left coronary artery and ended immediately proximal to the LSA. At 7 days after admission, a ''reverse'' arch debranching (supra-aortic debranching with outflow through the LSA) procedure was performed. This constituted the following steps: (1) LSA to right axillary artery bypass; (2) sequential reimplantation of the left and right common carotid arteries into the bypass, and (3) proximal ligation of the right and left common carotid artery and right subclavian artery origins ( Figure 3 ). Cerebral monitoring was not used. Clamp times during sequential revascularization of the supra-aortic trunks were less than 10 minutes for each vessel.
Cardiopulmonary bypass (CPB) was established by arterial inflow from the right axillary artery and venous outflow through the femoral vein. Concomitant transapical access was obtained.
A 32-3 100-mm Valiant stent graft (Medtronic, Minneapolis, Minn) was selected. A single proximal fenestration was fashioned for the LSA. We have previously reported how to fenestrate thoracic stent grafts. 5 The stent graft was introduced into the arch through a transapical approach. An angiogram ''opening'' the aortic arch was performed. To facilitate accurate stent-graft deployment, circulatory pressures were decreased by manipulation of the CPB parameters. After it was ascertained that the fenestration was appropriately oriented facing the LSA origin, the stent graft was partially deployed. From the LSA, a 7F sheath was advanced through the fenestration into the stent graft. Deployment of the thoracic stent graft was completed. A 10-mm balloon-expandable iCAST covered stent (Atrium Medical Corporation, Hudson, NH) was deployed across the fenestration to avoid a type III endoleak.
A second Valiant stent graft (44-100 mm) was deployed, with the proximal landing zone just distal to the coronary ostia. Completion angiogram demonstrated patency of the coronary ostia and of the LSA without endoleak. CPB time was 87 minutes.
The postoperative course was complicated by stroke. The cranial CT of the patient demonstrated multiple lesions involving multiple vascular territories. We believe that this complication could be related to wire manipulation, vessel clamping, endograft deployment, or microemboli during CPB. The patient had no motor deficit (hemianopia and apraxia). A tracheostomy was required for prolonged respiratory support. CT angiography demonstrated patency of the stent grafts and extra-anatomic aortic arch branches with no endoleak (Figures 4 and 5 and Video 1). The patient died in the third postoperative month of pulmonary insufficiency secondary to pneumonia.
DISCUSSION
The anatomic and physiologic challenges to endovascular therapy of the ascending aorta remain formidable. These include proximal graft fixation close to both the aortic valve and the coronary ostia and a distal landing zone that may impinge on the innominate artery. Another challenge is the hemodynamic forces in the ascending aorta, which resist accurate graft deployment.
This case report illustrates the feasibility of a ''reverse'' aortic arch debranching procedure to provide a suitable distal landing zone allowing debranching via a cervical approach that avoids aortic clamping. By facilitating manipulation of circulatory pressures partial CPB helped to improve stent positioning during graft deployment.
There were several reasons that we adopted transapical access. First, the relatively short length of the delivery sheath excluded transfemoral delivery to such a proximal landing zone. Second, accurate device control and deployment is hindered with femoral access because of diminished control of torque through tortuous iliac vessels into a 270 aortic arch. Significant aortic regurgitation can be caused by the large-bore sheath introduced through the aortic valve, especially for this patient with aortic valve regurgitation. Hemodynamic status (worsening of aortic valve regurgitation as a result of the sheath introduced through the aortic valve) was less of a concern with CPB, which allowed the time for meticulous decision making during the relatively complicated procedures in our case.
Stroke is an increasingly recognized complication after thoracic endovascular aortic repair. The cranial CT of the patient demonstrated multiple embolic 
